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INTRODUCTION 


The  Tuberous  Sclerosis  Complex  tumor  suppressors  are  known  to  be  critical  negative  regulators  of  the 
mTORCl  kinase  complex  that  controls  cell  growth  and  autophagy.  Our  laboratory  and  others  have  recently 
decoded  a  major  conserved  route  that  mTORCl  uses  to  control  autophagy.  These  studies  demonstrate  that 
mTORCl  inactivates  another  kinase  complex  composed  of  the  autophagy  kinase  ULK1  and  its  associated 
subunits.  One  prediction  of  these  findings  is  that  in  cells  and  tumors  with  TSC  mutations  and  hyperactive 
mTOR,  the  ULK1  complex  -  and  the  process  of  autophagy  -  will  be  suppressed.  There  were  two  major  aims 
for  this  funding  period:  1)  to  better  define  phosphorylation  sites  newly  identified  ULK1  substrates  to  be  used 
as  biomarkers  of  mTOR  inhibition,  and  2)  to  determine  whether  novel  small  molecule  inhibitors  of  ULK1 
convert  the  cytostatic  effects  of  mTOR  inhibitors  into  cytotoxic  effects  when  used  in  combination. 

BODY 

We  have  made  significant  progress  on  Task  1  to  examine  how  ULK1  activity  and  function  are  altered  by 
mTOR  inhibitors.  First,  to  develop  a  robust  ULK1  kinase  assay,  we  identified  the  optimal  ULK1  substrate 
motif  in  order  to  develop  a  peptide  that  could  serve  as  an  artificial  substrate  to  functionally  read-out  ULK1 
catalytic  activity.  We  utilized  spatially  arrayed  degenerate  scanning  peptide  libraries  to  define  the  optimal 
substrate  motif  for  ULK1  (see  Figure  1).  The  motif  identified  bears  striking  sequence  homology  to  the 
optimal  sequence  recently  reported  for  Atgl,  a  homo  log  from  budding  yeast  with  a  similar  function1.  From 
the  optimal  ULK1  substrate  motif  we  defined,  we  are  currently  characterizing  ULK1  IP-kinase  activity 
towards  a  peptide  substrate  bearing  the  optimal  sequence  following  different  mTOR  inhibitor  treatments  in 
cells. 


Figure  1.  Degenerate  arrayed  peptide  libraries  were  used  to  determine  the  optimal  substrate  motif  for  human  ULK1.  The 
selectivity  of  the  kinase  motif  is  illustrated  graphically  at  the  right,  with  the  position  of  each  residue  relative  to  the  phospho- 
acceptor  serine  listed. 


Task  2  was  aimed  at  further  identifying  ULK1  substrates  in  vivo  whose  induction  of  phosphorylation  by 
ULK1  may  serve  as  functional  biomarkers  for  mTOR  inhibition  in  cells.  Here  we  have  also  made  significant 
advances,  identifying  a  number  of  new  direct  ULK1  substrates.  As  seen  in  Figure  2  for  the  ULK1 -binding 
protein  ATG1012’ 3,  only  two  specific  serines  amidst  the  tens  and  tens  of  serines  in  the  protein  can  serve  as 
direct  ULK1 -phosphorylation  sites.  The  sequence  of  these  two  sites  also  conforms  to  the  optimal  substrate 
motif  identified  above  (see  Figure  2). 
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Figure  2.  In  vivo  phosphorylation  sites  were  defined  in  the  ULKl-binding  partner  ATG101  when  it  was  co-expressed  with  wild- 
type  (WT)  or  kinase  inactive  (KI)  ULK1  in  HEK293T  cells.  We  identified  two  specific  serines  in  ATG101  which  match  the 
optimal  ULK1  substrate  consensus  (LxxpSVxx). 


Task  3  and  4  lie  outside  of  what  was  anticipated  for  the  initial  year  of  funding,  though  the  effects  of  ULK1 
inhibitors  on  cell  growth,  as  in  Task  3,  are  also  further  explored  in  Task  5,  which  is  a  final  Task  that  we  have 
also  made  significant  advances  in.  In  Task  5,  we  propose  to  spend  the  first  year  of  funding  defining  how 
well  novel  catalytic  inhibitors  of  ULK1  we  test  and  help  validate  can  act  as  cytostatic  or  cytotoxic  agents  for 
treatment  with  nutrient  starvation  or  treatment  with  mTOR  catalytic  inhibitors.  We  now  have  a  tool 
compound,  Compound  6,  that  serves  this  exact  purpose  and  shows  excellent  catalytic  inhibition  towards 
ULK1  (see  Figure  3).  As  currently  there  has  not  been  a  single  reported  ULK1  inhibitor  in  the  literature,  and 
ULK1  is  the  only  draggable  kinase  in  the  classic  autophagy  pathway,  we  believe  these  results  will  be  of  great 
interest  to  many,  and  we  are  preparing  to  submit  a  paper  in  the  next  2  months  including  all  of  the  findings 
reported  in  this  annual  report. 


Figure  3.  A  novel  ULK1  ATP-competitive  inhibitor  was  identified  and  used  to  test  whether  ULK1  pharmacological  inhibition 
mimics  the  effects  seen  with  genetic  loss  of  ULK1  by  RNAi  or  genetic  knockout4.  As  seen  above  left  in  MEFs  combined  with 
Amino  Acid  starvation,  or  above  right  in  A549  tumor  cells  with  the  mTOR  catalytic  inhibitor  AZD8055,  the  ULK1  inhibitor 
Compound  6  synergized  to  induce  cell  death  as  readout  by  AnnexinV  staining. 

KEY  RESEARCH  ACCOMPLISHMENTS 

•  identification  of  ULK1  phosphorylation  sites  in  4  protein  to  act  as  biomarkers  in  vivo 

•  identification  of  a  ULK1  inhibitor  tool  compound  that  synergizes  with  mTOR  inhibitors  to  trigger 
death  of  cancer  cells 
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REPORTABLE  OUTCOMES 


Preparing  manuscript  to  submit  in  the  next  few  months  describing  multiple  outcomes  of  the  experiments 
mentioned  here. 

CONCLUSION 

Our  findings  during  this  first  year  of  funding  have  been  very  fruitful,  accomplishing  multiple  Tasks  as 
proposed  in  the  Statement  of  Work  of  the  grant.  In  particular,  we  have  identified  multiple  ULK1  substrates 
in  vivo  and  unambiguously  identified  the  ULK1  phosphorylation  sites,  and  have  shown  these  sites  are 
induced  in  cells  treated  with  mTOR  inhibitors  as  hypothesized  originally.  This  suggests  that  the  extent  of 
phosphorylation  of  these  sites  in  vivo  may  possibly  be  used  as  a  biomarker  for  the  extent  of  mTOR 
inhibition.  Given  the  widespread  use  of  mTOR  inhibitors  including  rapalogs  to  treat  Tuberous  Sclerosis 
Complex,  the  identification  of  new  biomarkers  for  TSC  treatment  is  particularly  exciting.  In  addition,  we 
have  pursued  the  identification  of  small  molecule  ATP-competitive  inhibitors  of  ULK1  and  now  have  a  very 
interesting  tool  Compound  6  that  synergizes  converts  the  cytostatic  growth  arrest  of  cells  starved  of  nutrients 
into  a  cytotoxic  cell  death  response,  consistent  with  our  previous  studies  demonstrating  that  ULK1  provides 
cell  survival  signal  when  nutrients  are  deprived.  We  are  now  testing  further  how  well  this  compound 
synergizes  with  mTOR  catalytic  inhibitor  in  cancer  cell  lines  and  ultimately  mouse  models,  consistent  with 
the  aims  of  the  grant  proposal. 
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The  major  goal  of  this  project  is  to  further  dissect  how  the  LKB1  tumor  suppressor  inhibits  the  function  of  the 
pro-growth  mTOR  enzyme,  as  well  as  to  perform  preclinical  trials  on  a  mouse  model  of  Peutz-Jeghers 
syndrome  and  a  variety  of  human  lung  cancer  cell  lines  to  define  the  therapeutic  potential  of  mTOR  inhibitors 
against  tumors  with  LKB1  mutations. 
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Mechanisms  of  nutrient-  and  inflammation-induced  intestinal  cancers 

The  major  goal  of  this  project  is  to  provide  insights  into  the  molecular  mechanisms  and  the  contributing  role  of 
inflammation  in  diet-induced  intestinal  cancer,  and  evaluate  two  new  target  and  pathway  specific  therapeutic 
approaches  for  cancer  treatment. 
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inflammation  and  bile  acid  homeostasis  in  diet-induced  intestinal  cancer,  and  evaluate  a  pathway-specific 
therapeutic  approach  for  cancer  treatment. 
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